1 Purpose: Patellar tendon abnormality (PTA) on diagnostic imaging is part of the diagnostic criteria for 2 patellar tendinopathy. A PTA in addition to altered landing strategies are primary risk factors that 3 increase the likelihood of asymptomatic athletes developing patellar tendinopathy. Therefore, the aim 4 of this study was to examine risk factors that are predictors of the presence and severity of a PTA in 5 junior pre-elite athletes. 6
INTRODUCTION
Paragraph Number 2. With controversy surrounding the precise etiology of PT, a combination of 17 internal and external risk factors is thought to play a part in the development of patellar tendinopathy 18 (10, 33) . Although the presence of a PTA is used to confirm diagnosis of patellar tendinopathy (9, 19 26), PTA's have also been identified as a risk factor in the development of patellar tendinopathy (8). 20
Asymptomatic athletes with a PTA have an increased likelihood of developing patellar tendinopathy 21 (7, 8), especially males who are twice as likely to develop a PTA compared to females (9). 22
Regardless of this supporting evidence of PTA as a risk factor for patellar tendinopathy development, 23 the clinical importance of PTA changes have not yet been identified as the size of the PTA varies over 24 time and is unable to predict patellar tendinopathy symptoms (18). Nevertheless, identification of 25 asymptomatic athletes with a PTA utilising a different landing strategy may provide a method to 26 identify these athletes at risk of developing patellar tendinopathy. 27
Paragraph Number 3.
With repetitive landing being identified as the primary risk factor of patellar 28 characteristics associated with these altered landing strategies are knee and hip joint motion. During 1 a dynamic landing, maximum knee joint flexion is the strongest predictor of symptomatic patellar 2 tendinopathy (34), and asymptomatic athletes with PTA compared to athletes with normal patellar 3 tendons displayed increased knee joint flexion at initial foot-ground contact (IC) and different hip 4 movement strategies, whereby they extend their hip during landing as opposed to flexing their hips 5 (13) . 6 Paragraph Number 4. As these altered landing strategies primarily occur in the sagittal plane, it may 7 be possible to identify athletes with these altered landing patterns utilizing a simple two-dimensional 8 video camera as opposed to three-dimensional motion analysis. Although three-dimensional lower 9 limb motion analysis is considered the gold standard of assessing landing technique, it is costly, and 10 extensively time and space consuming (29). It is therefore not practical for all coaches and/or 11 clinicians to utilize this method. A successful alternative method for validly screening athletes at risk 12 in a cost, time and space effective method is to screen athletes using a two-dimensional video 13 analysis, previously used in knee joint injuries (31) . Nevertheless, the two-dimensional video analysis 14 may be limited if there is a lack of validity between three-and two-dimensional measures (29). 15 Therefore, further research is warranted to determine if this analysis method could be implemented to 16 developing a movement screening tool for another knee joint injury, patellar tendinopathy. 17
Paragraph Number 5.
Other risk factors associated with patellar tendinopathy that are also readily 18 measurable and modifiable that may be included with a movement screening tool to assess injury risk 19 include increased adiposity (10, 17), decreased lower limb flexibility (26, 39) , and higher vertical jump 20 height (25) . If any of these modifiable risk factors are meaningful predictors of an increased risk of 21 developing a PTA and therefore patellar tendinopathy, these risk factors should be used to screen 22 athletes. Athletes identified as being at risk can then have modification strategies implemented to 23 reduce injury risk and/or prevalence of patellar tendinopathy. 24
Paragraph Number 6. The present study aimed to i) determine the risk factors that are most 25 influential in predicting the incidence and severity of PTA and ii) to develop an easily implemented, 26 valid and reliable movement screening tool based on critical risk factors associated with patellar 27 tendinopathy that can be utilized by coaches and/or clinicians to identify their athletes who are at 28 higher risk of developing patellar tendinopathy. We hypothesised that a criteria of altered hip and 29 knee motion strategies during a stop-jump task, lower limb flexibility, increased adiposity, and increased vertical jump performance will allow a prevention through prediction approach to determine 1 the i) presence; and ii) severity of a PTA in asymptomatic individuals. vertical jump height (25, 36) were measured before determining their dominant lower limb on the 14 basis of their preferred kicking leg (15). Ten participants with PTA with no current signs of patellar 15 tendinopathy were individually matched for height, mass, and test limb to ten participants with normal 16 patellar tendons (13) . The lower limb with the larger PTA area (mm 2 ) (24) was selected for analysis if 17 a participant had bilateral PTA. Written informed consent was obtained from each participant prior to 18 data collection, with parental/guardian consent obtained for minors. All methods were approved by the 19 institution's Human Research Ethics Committee (2011/071). 20 < Insert Table 1 about here > 21
Experimental Task 22
Paragraph Number 8. Since a substantial component of basketball play is rapid acceleration, 23 deceleration (28), and repetitive landing (27), the stop-jump task was chosen as the experimental 24 task. The stop-jump task involved five phases, which included a horizontal preparation, horizontal 25 landing, horizontal take-off, vertical preparation and vertical landing phase (12). Each participant was 26 required to perform the horizontal preparation phase accelerating forwards for 10 m towards a force 27 platform (mean approach speed = 5.1 ± 0.3 m⋅s -1 (Speed Light, Swift Sports Equipment, Lismore, Australia). Then each participant performed the 1 horizontal landing phase by jumping off one lower limb then stopping abruptly using a simultaneous 2 two-foot landing with one foot wholly contacting a force platform, and then immediately jump vertically 3 upwards (horizontal takeoff phase) off the ground to strike a ball suspended from the ceiling (vertical 4 preparation phase), with both hands (vertical jump height = 52 ± 7 cm). Finally, participants 5 performed the vertical landing phase by landing on both feet a second time (vertical landing phase). 6
Participants performed five successful stop-jump movements for each lower limb. A successful stop-7 jump was defined as a participant obtaining an adequate approach speed of between 4.5 and 5.5 8 m⋅s -1 during the horizontal preparation phase, placing a foot wholly on the force platform during the 9 horizontal landing phase, and contacting ball suspended from the ceiling with both hands. The 10 approach speed was based on the 10 m sprint time (3) confirmed within this present study as the primary risk factor that predicted both the presence and 20 severity of a PTA was hip joint ROM. That is, asymptomatic athletes with a PTA compared to athletes 21 with normal patellar tendons utilized a different hip movement strategy, whereby they displayed a 22 negative hip joint ROM, indicating that they extended their hip joint while landing as opposed to 23 flexing, which was consistent with our previously findings (13) . Furthermore, the larger magnitude of 24 this negative hip joint ROM predicted an increase PTA area in participants with a PTA. By utilising 25 this different hip movement strategy, the PTA athletes require greater forward translation of the center 26 of mass in relation to the base of support as the center of mass is at a greater posterior location at IC, 27 which in turn, may increase the tensile and compressive loads on the proximal part of the patellar Paragraph Number 17. Asymptomatic athletes with a PTA also landed with greater knee flexion at 1 IC compared to athletes with normal patellar tendons, which may further contribute to greater tensile 2 loading of the superficial fibers of the patellar tendon on the anterior surface and contribute to higher 3 compression of the patellar tendon (2), and also via a greater ratio of the quadriceps tendon force-to-4 patellar tendon force (5). As histological adaptations occur as a result of increased patellar tendon 5 tension and compressive loads (19), this present study provides further evidence that the direction of 6 the load that the patellar tendon sustains is more critical than the magnitude of this load in the 7 development of a PTA (13) , and the role compressive loads play within patellar tendinopathy 8 development. 9
Paragraph Number 18. Reduced quadriceps flexibility was the only other substantial predictor of the 10 presence of a PTA in asymptomatic athletes. This supports previous research that has associated 11 this variable as a risk factor in the development of patellar tendinopathy (6, 39). Although the 12 relationship between patellar tendinopathy and flexibility is not conclusive, it has been suggested that 13 reduce flexibility may lead to greater load exerted on the tendon (39). However, asymptomatic 14 athletes with a PTA have been shown to dissipate similar patellar tendon loads during landing stop-15 jump compared to athletes with normal patellar tendons (13) , suggesting that quadriceps flexibility 16 may not affect the magnitude of the load sustained by the patellar tendon during landing. Such a 17 finding further suggests that quadriceps flexibility may influence the direction of this load, which is 18 more critical in the development of patellar tendinopathy. imaging is warranted. This movement screening criteria is therefore a functional and valid tool that 27 can be easily implemented at a community sporting level to allow coaches and/or clinicians to screen 28 their asymptomatic athletes to predict PTA presence, and thereby allowing risk factor modification 29 strategies to be employed by these athletes at increased risk of developing patellar tendinopathy.
Paragraph Number 22.
The authors acknowledge potential limitations within this study. Firstly, the 19 etiology of diverse types of patellar tendinopathy are suggested to be different (10, 17), and as the 20 asymptomatic participants with PTA incorporated in this study included both bi-and uni-lateral PTA 21 athletes. This is suggested to potentially have an influence on the results, although further research 22 is required. Further limitations of this study include the age and skill level of the target population 23 included for participation. As participants were limited to junior pre-elite athletes, it is unknown if the 24 results observed in this study could be replicated in other age groups and/or competition levels such 25 as elite athletes. Therefore, we recommended that future research investigate an additional 26 independent sample of athletes to confirm this current study's findings, and based on the three 27 criterion, development of effective preventative measures are developed to aid in the reduction of 28 patellar tendinopathy injury. 29 CAPTIONS 1 Intra-rater reliability of the two-dimensional kinematic data for 6 participants: analysis 5 sessions 1 v 2 and analysis sessions 2 v 3. 6 TABLE 4.
Equations to convert two-dimensional (2D) joint angles to their three-dimensional 7 equivalent (y') during the landing phase of the stop-jump task. 8 9
